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0.  abstract  rCanMiwa  an  ravaran  olBo  II  nacaaaaty  mB  tWanMff  tf  Maak  wtac) 

During  studies  of  swine  Influenza  virus  (A/New  Jersey)  Infection  a 
technique  was  devised  to  quantify  the  pulmonary  lesions  In  mice  treated  at 
different  time  Intervals  with  antiviral  chaztothenapeutlc  agents.  The  technique 
Is  based  on  the  premise  that  as  the  severity  of  mlctTmcopic  change  increases, 
the  optical  density  of  lung  sections  also  increases  due  to  edema  and  to  an 
Increase  In  cell  mari>ers  In  Infected  lungs.  Seven  days  after  Intranasal 
Instillation  of  the  virus,  mice  were  killed  and  the  lungs  were  perfused  with 
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20.  Abstract 


2X  glutaraldehyde  at  constant  pressure.  Lungs  were  processed  in  a routine 
manner,  sectioned  at  standard  levels,  and  stained  with  hematoxylin  and  eosin. 
Using  standard  photomicrography  equipment,  multiple  optical  density  measure- 
ments were  made  of  lung  sections  In  a carefully  controlled  systematic  manner 
and  a mean  optical  density  determined  for  each  lung.  The  optical  density  of 
lungs  of  mice  pretreated  with  amantadine,  rimantadine,  or  ribavirin  was 
significantly  reduced  compared  with  Infected-untreated  controls  (P  < 0.01). 

If  treatment  was  delayed  until  15  h after  Infection,  amantadine  and  ribavirin 
were  effective  In  reducing  pulmonary  optical  density  but  rimantadine  was  with 
out  effect.  These  findings  correlated  well  with  mean  lung  weight  of  each 
group;  however,  the  sensitivity  of  the  optical  density  technique  was  greater. 
The  method  offers  promise  as  a reliable  means  of  objectively  quantifying  the' 
pulmonary  response  to  a variety  of  Infectious,  toxic,  and  therapeutic  agents-. 
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'^During  studies  of  swlas  Influsnss  virus  (A/Msw  Jersey)  Infectlou 
• technique  was  devised  to  quantify  the  pulnonary  lesions  in  nice 
treated  at  different  tine  Intervals  with  antiviral  chenotherapeutlc 


r«..« 


Anlasl  aodels  for  ovaluatlea  of  potontlal  antiviral  eonpounda  havo 
fraquently  bean  developed  uaing  h<inan  diaeaae  pathogens  adapted  to 
produce  hi^  nortality.  The  efficacy  of  the  eo^>oands  is  thus 
■tasured  by  survival  rate  of  treated  Infected  anlsMls  conpared  with 
untreated  controls.  These  nodal  systens  are  unnatural  and  unreallatic 
uhen  the  purpose  intended  for  the  drug  is  to  treat  diseases  of  nan  and 
vilaals  which  are  characterised  by  high  notbldlty  and  low  nortallty  (6). 

During  studies  of  swine  Influensa  (Influansa  A/New  Jersey),  (Scott,  G. 
R. , nanuscrlpt  in  preparation) , it  was  observed  that  tha  nouae>adaptad 
virua  did  not  have  lethal  virulme  for  adult  nice  and  thus  rese^led 


natural  influensa  infections  of  wm  (4).  It  was  necessary  to  seek 
another  end-point  to  nsasure  the  effectiveness  of  antiviral  coapounds  on 


the  respiratory  disease  in  nice. 


systens  have  been  proponed  to  grade  norphologic  changes 
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If  v"  ' eceurring  in  the  limgs  of  aninals  infected  with  various  respiratory 

I ■ 

gxsssse  produflng  sgants*  Many  are  not  conpletely  objective*  The  ngjorlty 
0t  the  roUabla  ptocndurss  am  norpbonstric  lAere  various  nsasuranants 
r * bn  wdo  of  pulnonaxy  structure  to  obtain  conslataat  quantitative 

(2).  Thass  tacbniquas  require  eonsidarabla  tins  to  perfom  and 


rats. 


ate  inof ficiaat  idMa  nuwoua  speciMos  Mt  bo 


I,  described  for  studying 


in  pigs 


WM  based  ea  tbs  postulate  that 


oftically 


lung  and  that  diffi 


stions  am  lass 
could  be 


qsssrlflti  by  a dansiteastar  (3).  A sinilar  pmcadnm  bas  base  enploys 
CS  datamias  degma  of  nrythrocyta  aggregation  in  vitm  (1).  Lihswiao, 


Btarisad  by 


and  eell  infiltration  into 


■.  .“S  < - 


•Ivaolar  spaces  and  the  Inecrstieiini  shottld  increase  optical  density. 

If  this  prcmiae  were  correct,  the  effect  of  drugs,  toxins,  or  cheelcals, 
on  the  pulnonary  response  could  be  quantitatively  assessed  and  conpared 
in  an  unbiased,  conplctely  objective  eanner.  This  technique  was  utilised 
to  eoaq>are  the  efficacy  of  antiviral  chenotherapeutlc  agents  in  nice 
infected  «d.th  swine  influensa  virus. 
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MATERIALS  AMD  METHODS 

Virus.  Influensa,  A/IU/8/76  virus,  was  passed  six 

tiats  In  e^ryonaccd  eggs;  adaptaclon  to  aice  was  sccoaplished  in  nine 
serial  passages  by  intranasal  (i.n.)  instillation  of  supernatant  froa 
a suspension  of •hoaogenized  lungs  froa  alee  Infected  3 to  4 days  pre- 
viously. After  the  9th  passage,  allantoic  cavities  of  10-day-old 
aabryooated  eggs  were  inoculated  with  supernatant  froa  infected  lungs. 
After  incubation  for  48  h at  3S  C,  Infected  allantoic  fluid  was 
harvested  and  clarified  by  centrifugation  at  1200  s ^ at  4 C for  15  win. 
Aatibiotics  were  added  to  the  clarified  fluid  to  achieve  a final 
eoaeentratlon  of  250  units  of  penlcillin/al  and  100  ug  of  atreptoaycin/ 
als  Ali<|uots  of  the  suspension  were  stored  frosea  at  -60  C.  The  titer 
of  the  infected  allantoic  fluid  wee  10^’^  aadian  egg  infectious  doses 


(HD^)  per  al. 

daBian.  Bight  week  old  (25  g)  outbred,  feaale 
fvlea  Bice  CCrl:00BS  Cl>-I  (ICK)  BR]  obtelned  froa  the  8andal-free 
ealeay  of  Charles  liver  Laboratories  were  divided  into  eight  groups 
aedi  U alee.  Three  gteopa  were  prophylaetleally  treated 

Blth  aBaatadlae,  riaBatediae  or  rihaviria  ia  the  driakiag  aeter  at  a 
deeaga  of  0.25  ag/al  (approxiaately  60  ag/kg/aoeae/day)  24  h prior  to 
latTpaaaal  iastillatioo  of  10^*^  BID,^  of  iafloaasa  vires  ia  O.OS  al. 
Ihraa  oebar  greepe  were  treated  therapeetieally  with  aadi  of  the  drags 
hagfiint  13  h after  virua  laeeelatloa.  la  aU  groopa,  treataaat  was 
Chaa  eeatiaead  for  7 days  after  iaoeelatioa  of  tha  wires,  tea  eoatral 
gieaps  of  ^ee  ware  etilised,  oae  was  iafectad  bet  aot  treated  aad  the 
other  was  aaither  iafaetad  aor  traated. 
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Bacrop»y  proc«dure8.  Seven  days  after  infection,  all  nice  %»ere 
by  cervical  dislocation.  In  half  the  alee  froa  each  group, 
longs  ifere  dissected  froa  surrounding  tissue  and  weighed  to  the 
nearest  ailllgraa.  In  the  reaalning  alee,  the  cutaneous  tissue  of  the 
neck  was  dissected  free  froa  the  trachea,  and  the  thorax  was  opened.  A 
21~gu*t*  hypoderalc  needle  attached  to  a flask  containing  2Z  glutaraldehyde, 
pB  7.2,  was  Inserted  into  the  trachea  and  the  lungs  were  perfused  in 
situ  for  30  sec.  The  pressure  of  the  perfusate  was  20  ca  of  water.  To 
M'*"***"  pulaonary  distension  a saall  vascular  claap  was  placed  on  the 
trachea.  Lungs  ware  then  dlasected  free  and  suspended  in  2Z  glutaraldehyde. 

Ferfused  lungs  were  subaequently  fixed  in  lOZ  buffered  neutral 
foraalln  and  cabedded  whole  In  paraffin.  Paraffin  blocks  were  sectioned 
horlsontally  through  the  lung  lobes  and  three  6 ya  sections  were  taken 
at  l.S  an  Intervals  (Fig.  1).  The  sections  were  deparafflnlzed  and 
atainad  with  heaatosylin  and  eoeln  (5).  Staining  waa  controlled  so  that 
wsrlatloa  was  not  observed  aaoag  slides. 

DjMsltoaat]^.*  sections  of  lung  were  placed  on  the  aechenlcel 

etage  of  e Sales  Ultrapbot  II  (Carl  Seles,  Oberkochea/lhierttaaberg, 
nsrair^  and  voltage  was  adjusted  to  15:  a filter  with  peak  absorption 
at  StO  sad  645  aa  was  placed  between  the  Ugjhc  source  and  speciaan,  and 
Mm  iMige  was  projected  onto  a vlewlag  screen  using  the  2.5  X objective, 
-fetal  aagaiflrarlnn  was  27  X.-  >Taunty  to  35  neeauraaents  were  aade  on 
sash  eerrles  dizoctly  froa  the  ease  location  on  the  viewing  screen  using 
a fhetodeasltoaeter  (Model  501  M,  Photovolt  Corp.,  Mew  York,  IT). 

Optical  densities  uere  naaaurad  through  0.5  ssi  disaster  holes  spaced 
0.t5  aa  apart  ia  a rectaagle  of  braes  foil  idilch  wee  pieced  on  the 
aicroeeope  .slide  (Fig.  2).  The  photovolt  aster  was  adjusted  to  0 


m 
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optical  density  at  a placa  on  cha  slida  nhara  there  was  no  tissue.  The 
lung  at  each  perforation  was  viewed  Independently  for  artifacts  or 
extraneous  tissue  snd.  If  present,  the  field  was  ellnlnated  from  the 
saeple.  Essentially,  only  alveoli  and  saall  bronchioles  were  measured. 
The  above  procedure  was  repeated  for  each  of  the  three  lung  sections  and 
the  mean  optical  density  of  each  lung  was  calculated. 

Statistics . Data  on  lung  weight  and  optical  density  were  analyzed 
by  one  way  analysis  of  variance  using  the  least  significant  difference 
teat  to  determine  differences  between  grotips.  A linear  regression 

e 

analysis  was.  used  to  detemine  correlation  of  mean  optical  density  and 
■aan  lung  weight  of  each  V^oup  (7). 
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WEsavts 

LMlons  of  owlnc  Influenxo  In  untreated  Infected  controls  consisted 
of  ■ulclfocal  areas  of  bronchiolitis  surrounded  by  thickening  of 
alvaoll*  ■Iniaal  to  aoderate  inflaasuitory  cell  infiltration,  and  edema 
la  alveolar  spaces.  In  contrast,  lungs  of  uninfected  control  mice  were 
free  of  lesions.  These  morphologic  changes  were  reflected  by  an  almost 
3»fold  increase  la  pulmonary  optical  density  in  the  untreated  infected 
control  group  compared  to  the  unlfected  controls  (Table  1,  Fig.  3). 
CoBSiatent  readings  were  obtained  by  repeating  the  procedure.  In  general, 
with  the  eaception  of  mice  treated  with  rimantadine  15  h after  infection., 
the  mean  optical  density  of  treated  mice  was  midway  between  the  values 
of  uninfected  and  infected-untreated  controls  and  differed  significantly 
from  the  latter  (F  < 0.01).  By  analysing  lung  weights  of  the  various 
groups,  there  was  significant  reduction  of  lung  weight  only  for  nice 
given  rimantadine  prior  to  virma  iaeeulation  and  mice  give  rlhavlrin  15 
h ahbaaqoant  to  iafeetiam  rimiarail  mlth  iafeecad-uncreated  oontrola 
Cr  < 0.01).  ■omaver.  Cha  tsentf  mas  tha  aama  'aa  that  obaarved  hy 
danaitomatry,  with  tha  lang  emightn  of  iafected-trontnd  animal  a falling 
hatmaam  aalaaa  uhaarwad  for  bath  eoatrol  graapa.  Tha  liaaai 
nnalyala  of  tha  maaas  of  palmnnary  optical  danaity  ngaiaat  maana  of 
lang  aal^ht  gave  a eoaffieiatt  of  eorralnttom  of  0.92. 


DISCDSSION 


This  photodensltoaetrlc  technique  provided  an  excellent  aeans  of 

quantifying  the  effects  of  antiviral  agents  on  the  pul no nary  lesions 

of  alee  Infected  by  swine  Influenza  virus.  The  virus  used  In  this  study 

was  characterized  by  low  aortallty  for  adult  Swiss  nice;  thus  the 

infection  was  slallar  to  aany  naturally**occurrlng  Influenza  outbreaks 

(4).  In  all  likelihood,  evaluation  of  the  efficacy  of  the  chemotherapeutic 

agents  was  perforaed  under  conditions  slaulatlng  the  natural  disease.  It 

Is  laportant  to  note  that  in  these  studies,  lungs  from  all  nice  were 

•• 

ssapled  at  tbe.saas  tins  after  infection  when  the  pneuaonla  was  at  a 
siailar  stage.  Thus,  differences  in  optical  density  were  a reflection 
of  differences  in  severity  of  disease  rather  than  qualitative  differences 
in  inflaanation. 

Hith  influenza  A/Hew  Jersey  infection,  good  correlation  between 
nesB  optical  density  and  assn  lung  iMiglit  for  the  various  groups  (r  • 0.92) 
suggests  that  both  asthods  have  aerit  In  the  asses saent  of  antiviral 
activity.  Tha  advantage  of  tha  ogi.kical  density  tachnique  over  lung 
iwigjit  in  this  ezpariaaBt  is  tha  increased  sanaltivity  observed  with  tha 
fsenar  aathod.  to as one  for  this  are:  1)  Tha  variability  of  optical 
daasity  aesaursaants  withia  groups  was  less  than  long  weight;  2)  optical 
dipsity  aBaaureaenta  ware  ladapendent  of  long  sise;  and  3)  structures 
not  esntributiag  to  the  pathologie  process  such  as  blood,  large  airways, 
tiaaoes  artifacts,  etc.  ware  selectively  elialaated  by  viewing  each 
fiald  prior  to  obtaining  an  optical  density  aeasurenent.  In  addition, 
tide  technique  utilised  photoaicrography  equipnent  already  found  in 
neat  laboratories,  thus  precluding  the  expense  of  nore  elaborate  apparatus. 
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!!•  £««i  this  Cechnlquc  offers  pronlse  as  a oeans  of  evaluating  the 
response  of  lungs  to  a variety  of  infectious  and  toxic  agents  and  will 
provide  an  objective,  unbiased  neasure  of  the  therapeutic  value  of 
various  drugs  for  treating  various  respiratory  diseases. 
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TABLE  1.  yrophylactlc  and  therapeutic  effect*  of  a—ntadtne,  rlwantadlne. 


or  ribavirin  on  lunx 
Inf acted  nice. 

optical  density  and  welaht 

in  influenza  A/New  Jersey- 

Croup 

Hean  value  jh  SEM 

Optical  density 

X 10-3 

Lung  weight  (ng) 

Prophylazia  * Therapy 

ftnanfaillne 

69  ± 

310  + 14^ 

Ifiradlna 

68  ♦ 5*’** 

272  + 17®*'* 

libavlrla 

71  i 8**^ 

332  + 42** 

Therapy 

iMMiroillne 

63  ♦ 2* 

324  + 24** 

ll—itadlne 

84  + 

352  + 17** 

Uhavlria 

. 56  + 3* 

266  + 19®*** 

Gaiitrola 

bteefO-uDtrn. 

itod  98  tU* 

390  ♦ 36® 

Ohlnfaetod 

3§t  1® 

142  + 2® 

Viffan  siiVlfleflBtly  fsoa  tefiLtad  Hitnatai  eastrol  (P  < 0.01). 

SttffBra  siviifleaBely  itom  mimtmetmd  coBtcol  CP  < O.U). 
*GmCs^  4iff«r  algrtfiriUy.  fsw  mmA  «Ctar  CP  < 0.01). 
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nC.  1.  Sclmutlc  drawing  of  lataral  wlaw  of  aottac  lung  showing  the 
Invnl  of  sectioning. 


rXC.  2.  Perforsted  brass  cover  on  alcroscopc  slide  through  which  llfd>t 
IMS  tranaaltted  for  optical  density  nessurencnts. 

Fie.  3.  Effect  of  antiviral  agents  on  lungs  of  alee  Infected  with 
selas  Isflueasa. 


